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WITHFIVENO!ZZlEDESIGNS 

By Jack W. Hoyt and Harry Kottaa 

Efficiency investigations were made on the two-stage turbine 
from a Merk 25 aerial torpedo to determine the performanc 8 of the 
unit with five different turbine nozzles. The output 09 the tur- 
bine blades was computed by analyzing the windage and mechanical- 
friction losses of the unit. A method was developed for measuring 
the ohange in turbine cleerences with changed operating condition. 
The turbine wae found to be most efficient with a cast nozzle 
having a sharp-edged inlet to the nine nozzle ports. 

rNTB0lxJcT10N 

Torpedoes operating on a combustion cycle require a high- 
preseure-ratio g= turbine to drive the propellers of the unit. 
Some type6 of rocket may employ similar turbine8 to operate fuel 
Pum-PS. Both applications involve the extraction of maximum power 
over a short time with minimum size and weight of the power plant 
and the fuel load. Because of the need for information on tur- 
bines of thie type, at the request of the Bureau of Ordnance, Navy 
Depertment, en investigation is being conducted at the EACA 
Cleveland laboratory of a two-stage turbine from en aerial torpedo 
to determine the perfomoe of the unit under steady-state condi- 
Mona with various types of turbine nozzle end to compare the 
effect of the nozzle designs on the over-all turbine efficiency. 

A-series of five turbine nozzles was investigated to deter- * 
mine the effeot of pressure ratio, blade-jet speed ratio, end 
nozzle design on turbine efficiency. This inveetigation owered 
a range of preeaure ratios from 8 to 20 end turbine speeds from 
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6000 to 18,000 m with en inlet-g- temperature of LOGO0 F and an 
inlet-gas pressure of 95 pounds per square inch gage. The true 
output of the nozzle-and-turbine-blade combinations was determined 
by evaluating the power losses of the turbine due to windage and 
mechanical friction. A method was developed for measuring the 
chsnge in turbine clearances with ohmged turbine operating condi- 
tions, end the effect of nozzle-wheel clearance on turbine effi- 
ciency was investigated. 

Turbine. - The Mark 25 torpedo power plant is a two-stage 
counterrotating impulse turbine with integral speed-&In&ion and 
power-equalizing gearing. The power-output shafts are also counter- 
rotating and operate at 0.099 turbine speed. A combining gessbox 
was specially designed for this installation to convert the dual 
rotation of the torpedo Bower-output shafts into single-dire&ion 
rotation. 

A sketah of the nozzle-and-turbine-wheel assembly is shown in 
figure 1. The gas expands through the partial-admission nozales 
and enters the forward turbine blades at su.Bersonio relative 
velocity. Because considerable gas-velocity energy is absorbed 
by the forward turbine, the flow leaving the first rotor and enter- 
ing the counterrotating rear wheel is subsonic. Although a smsll 
amount of reaction is employed in the rear turbine to extract 
maximum energy, the rear turbine is included in this design mainly 
to eliminate gyrosoopic effeots. The shroud-band diameters of the 
forwsrd and rear turbine wheels We 11.0'00 and 11.320 inches, 
respectively. 

Nozzles. - The high inlet-gas temperatures and pressures, the 
high pressure ratios, and the low gas weight flows for this tur- 
bine neoessitate special oare in the design end the construction 
of the turbine noeeles. The high pressure ratios in the nozzles 
cause supersonic flow, and very small nozzle throats and partial 
admission are necessary for low weight flow. 

The nine-port nozzles (A, E, G, and H) have 90' nozzle-are 
gas admission, whereas the three-port nozzle B has 30' nozzle-sru 
gas admission. Nozzles A and E are pert of a series of nozzles 
ifivestigated under actual torpedo conditions at Massaohusetts 
Institute of Technology (reference 1). Nozzles F, G, and H are a 
continuation of this nozzle series. 
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Nozzle A has rounded inlets to the nine rectangular, converging- 
diverging nozzle ports; the nine nozzle throat6 sre approximately 
0.25 by 0.10 inch. The nozzle was produced by the precision lost- 
wax casting method and has hand-filed nozzle ports. 

The dW<iculty in msnufscturin@; nozzles similar to nozzle A led 
to the design of a nozzle that could be more easily fabricated. 
Nozzle E (fig. 2(a)) has reamed ports with rounded inlets. The 
ports are cyltidricalwith no area divergence; the necessary expsn- 
sion takes place in the axial-clearance space between the nozzle 
and the forward turbine buckets. The nine nozzle ports sre approxi- 
mately 0.163 inah in diemeter. Nozzle F is similar to nozzle E 
except that the SIX ports neesest the gas Inlet are blocked by a 
welded plate, leaving only three ports In use. The nozzle ports 
-8 slso 0.163 inch in diameter. 

In order to provide a more favorable flow profile and to pre- 
vent the ccxabustion gas from spilling above or below the forwsrd- 
wheel blades, the shrouded nine-port nozzle G (fig. 2(b)) wsa 
desised with the same nozzle dimensions as nozzle E but with a 
shroud projecting axially 0.216 inch from the outlet face. 

Nozzle H (fig. 2(c)) was produced by refinement of b&h design 
and casting technique to give more accurate dimensional control and 
a smoother nozzle surface. ThiEl nozzle has nine rectangular ports 
with sharp Inlet edges and throat sizes of approximately 0.25 by 
0.10 inch. 

Setup and instrumentation. - The setup used for this investi- 
gation is shown in figure 3. A 300-horsepower electric dynamometer 
ws8 used to absorb the turbine output and to drive the turbine 
during motoring runs. The dynamometer speed was measured with a 
chronometric tachometer. Dynamometer torque measurements were made 
with a scale having a range of 0 to 250 pounds. 

Combustion gases at a pressure of 95 pounds per squere inch 
gage were furnfshed by a burner using unleaded gasolfae and air. 
The altitude e&au& at the turbine outlet was used to obtain the 
desired range & pressure rati- across the turbine. The air flow 
was metered by a standard A.S.Bi.E. orifice in the inlet-air pipe. 
The fuel flow was measured by means of a calibrated rotsmeter. 

Gas-stream temperatures were measured by triple-stielded 
thermocouples of 0.50-Inch outside diameter and 0.75 inch long. 
The inlet-gas temperatures were taken by two thermocouples mounted 
in the insulated inlet-gas pfpe. Two thermocouples were located 
in the exhaust cone 2 inches behind the rear turbine wheel. Seven 
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static-pressure taps were placed on the.outer heat-?shield ring to 
provide a pressure survey.along the nozzle arc above the wheels in 
order to evaluate the gas density around the turbine. Static and 
total pressures were taken in the inlet- and outlet-gas pipes. In 
addition, a total-pressure tube insensitive to yaw was mounted in 
the exhaust cone 2 inches behind the rear turbine whegl in the s8pIle 
plane as the exhaust thermocouple. 

The turbine ~8s modified for long-duration efficiency runs by 
removing dhe integral oil pump on the unit and installing en 
external oil system with instruments to measure the oil tAmpW8- 
ture and the flow rate. Thermocouples were installed on the four 
high-speed beariw to guard 8gainst failures by overheating of the 
beerings. Thermocouples were also placed on the front and rear oil 
seals nearest the turbine wheels to indicate any hot-gas leakage 
past the seals into the turbfne bearings. Sufficient temperature 
measurements were taken on the 8luminum housing and cover 12 the 
unit to avoid operation above the safe-tempersture limits of these 
parts. Thermocouples were locsted on the stainless-steel heat 
shields to indicate the operating temperatures. 

During runs to determine the change in axial nozzle-wheel 
clearance and radial nozzle setting with operating conditions, 
clearance indicators were instAlled on the turbine as shown in 
figure 4. The method of operation of the axial-cleatxnce indi- 
cators is illustrated by figure 5. The gage at the left is shown 
resting on 8 lug welded to the turbine nozzle. when the tip of 
the &age is rotated 180' by turning the handle to the position 
shown for the gage at the right, the tip is allowed to move pact 
the lug end touch the turbine wheel. The difference between the 
dial-indicator readings with the indicator tip in the two posi- 
tions is 8 meamre of the clearence. 

Precision. - The precision of the measurements was within 
the following limits: 

Airflow, percent. .................... .a;00 
Torque, foot-pounds ..................... fo.15 
Speed,rIan ........................... f5 
Inlet-gas pressure, p ercent ................ ..fo.5 0 
Pressure, inches mercury ................. .fo.O5 

The investigation of the Mark 25 torpedo power plant-was 
divided into the following phases: 
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(1) Power runs to determine turbine efficiency and over-all 
performance . 

(2) Motoring runs to evaluate 
losses of the turbine unit for use 

(3) Clearance studies to find 
between nozzles and turbine wheel 

the windage andSnechanica1 
in efficiency calculations 

the true runningcleexance 

'. 
Power runs. - The over-all efficienuy of the turbine power 

plant and combining gear was determined from the power output with 
the various nozzles at several pressure ratios and turbine speeds 
over the range of operation. With the inlet-gas conditions main- 
tained at 95 pounds per square inch gage and 1000° F, the turbine 
speed was varied from 6000 to 18,000 rpm at pressure ratios 09 8, 
10, 15, and 20. (BemUSe of air-flow limitations, the maJcimum 
pressure ratio obtained with nozzle H was 19.) The values of 
power output obtained during these runs represent the output of 
the turbine wheels with the windage and the ge8r and bearing fric- 
tion in the power plant subtracted. 

MotorlnR runs. - The rotation losses of the turbine unit due 
to geare, bearings, and turbine disks were obtained by motoring 
the unit with disks instead of the turbine wheels. The forward 
and rear disks were 10.075 and 9.955 inches in diameter, respec- 
tively, or exactly the same diameter as the root diameters of the 
turbine blades. The power required to motor these disks 8t speeds 
from 6000 to 18,000 rpxu end at different air densities in the tur- 
bine cese represents the total power absorbed through mechanical 
losses in the gears and the beeringg and through windage of .the 
turbine diska. 

The motoring runs were then repeated with standard turbine 
wheels with forwerd- and rear-wheel shroud-bend diarmeters of 
11.000 and 11.320 inches, respectively. The power then required 
represents all the lceses of the disk unit plus the air-pumping 
effect of the turbine blades. All motoring runs were made without 
air flow through the turbine, the turbine nozzle being blocked. 
Air densities in the turbine case were varied by varying the 
turbine-outlet-gas pressure. . 

Clearance studies. - Runs were made at an inlet-gas pressure 
of 95 pounds per square inch gsge, temperatures frcaa 500' to 
1500° F, and pressure ratios of 10, 15, and 20 at speeds of 6000 
and 12,000 rpm with indicators installed to measure the changes 
in radial nozzle setting and axial nozzle-turbine clearance with 
operating conditions. The thermal changes in radial setting and 
axial clearance were determined by operating the turbine at low 
speeds with verying inlet-gas temperature. In order to indicate 
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the change in radial wheel dimensions with centrifugal force, the 
turbine was motored at speeds of 6000 to 18,000 rp with sufficient 
cold air allowed to enter the nozzle inlet to keep the wheels, 
nozzle box, and Crbine case at approximately room temperature so 
that thermal effects would be eliminated. 

Radial setting of the nozzle ports for turbine-afficiency runs 
with nozzles A, E, F, end G were made to conform to the recozmenda- 
tions & reference 1. Accordingly, a radial setting of 5.263 inches 
from the turbine-shaft center line to the midpoint of the nozzle 
port was used for each of these nozzles. Nozzle H, because of its 
different port design and larger flow area, required experimenta- 
tion to obtain the best radial setting for the final turbine- 
efficiency runs. The proper value of 5.258 inches was obtained 
by over-all turbine-efficiency runs over 8 range of radial settings 
frcm 5.233 to 5.308 inches from turbine-shaft center line to aver- 
age midpoint of nozzle ports. 

The effect of axial clearance on turbine efficiency was inves- 
tigated by varying the axial nozzle-wheel clearance for nozzle A 
from 0.030 to 0.090 inch and determining the over-all turbine 
efficiency for each axial-clearance setting. 

Axial nozzle-wheel clearances for turbine-efficiency runs 
were set, on the basis of the clearance-indicator studies, to give 
0.030-inch clearance when the unit reached operating temperature. 
Because the turbine blade8 are eet bacrk frcmthe eQe CS the tur- 
bine wheel 0.025 inch, the axial. clearance from nozzle to blade 
wae thus 0.055 inch. 

The isentropic enthalpy drop available for an expansion from 
the turbine-inlet-gas total temperature and Mssure to the outlet- 
gas static pressure was cmputed from the air tables of reference 2 
and corrected for the effect of the fuel input. 

The blade-jet speed ratio is the ratio of the blade velocity 
at the pitch diameter of the first wheel to the ideal turbine- 
nozzle jet velocity corresponding to an.isentropic expansion from 
the inlet-gas total temperature and pressure to the turbine-outlet- 
gas static pressure. 

-r 

L 

Pressure ratio la the ratio of the inlet-gas total pressure to 
the outlet-gas static pressure. 
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Brake efficiency is the ratio of the brake power calculated 
from the torque and speed of the dynamometer shaft to the isen- 
tropic power available; that is 

brake efficiency = brake power 
iSentrOpiC power available 

The mechanical losses of the unit were determined by extra- 
polating the windage-loss curves to zero air density. The horse- 
power 8t zero air density represents the power required to drive 
the gears snd overcome bearing friction md is the mechanical loss 
for the turbine and the combining ge8r. The mechanic81-loss power 
added to the brake power gives the power output of the turbine 
wheels at the shaft; and 

wheel efficiency = brake Ijower + mechanical losses 
isentropic power available 

. 

The windage losses were obtained from the windage chart for the 
nozzle src of admission under consideration. 

The power required to motor the unit with disks installed 
instead of turbine wheels represents the total power sbsorbed 
through mechanical losses in the gears snd the bearings plus the 
windage. of &he. disks.. These losses are preSented in figure 6(a) 
and table..I. Gurves for con&ant disk speed have been extra- 
pol8teKto zero air density.to sepsr8te the mechanical losses 
from the parer lo&es due to the disk windage. The windage and 
mechanicaL losses obtained by motoring the standard turbine 
wheels. are presented infigure 6(b) and t8ble II. Slightdif- 
ferences in mechanical losses in the units shown in figures 6(a) 
and 6(b) can be ascribed to inherent differences in assembly and 
to curve extrapolation. 

The windage loss for the full blade periphery wan calculated 
by subtracting the disk-windage loss determined from figure 6(a) 
from the disk-and-blade-windage loss obtained from figure 6(b). 
Blade-windage loss'derived in this manner is considered the loss 
of the turbine‘bJ.ades with Go nozzle-Etrc gae admission. -- ,I . . - _ -.-: ---,r *...- 

-When the ,&e-$ort t&bine'nozzles iith 90°- - nozzle&c gas 
admission--(?&z&s A, E, GJ and H) are used, 90° of the turbine- 
blade periphery,,or one-fourth of the turbine buckets, is active 
and hence is not subject to windage loss. Thewindagelosse8 . 
for the unit with these nozzles ere composed of.the total disk 
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windage plus three-fourths of the windage due to the turbine blades. 
Accordingly, figure 7(a) was prepared from the totel disk windage 
plus three-fourths of the additional windage loss due to the tur- 
bine blades. This chart can be used to find directly the windage 
and mechanical losses of the unit with the nine-port nozzles if the 
ges density in the turbine case is known. 

Nozzle F has three ports with 30° nozzle-arc gas admission; 
hence 30° of the turbine-bucket periphery, or one-twelfth of the 
turbine blades, is active and thus has no windege losses. Fig- 
ure 7(b) was prepared by using the total disk windage plus eleven- 
twelfths of the additional windage loss due to the turbine blades. 

l t 

.I 

The windage-loss power added to the mechanical-loss power and 
the brake power gives the work output at the turbine blades, and 

blade efficiency = brake power + mechanical losses + windage 
ISentrOpiC power available 

. \ 

RlSUID!S 

Turbine efficiency. - The individual performance of the tur- 

. 

bine at an inlet-gas pressure of 95 pounds per s~cpaxe inch gage 
and temperature of .lQOO" F and pressure ratios of 8 to 20 with 
nozzles A, E, F, G, and H sre shown in figures-8 to I2 and 
tables III to VI$, respectively. All data shown in figure8 8 
to 12 were taken with 0.030-inch axial nozzle-wheel running clear- 
ance. The maximum brake efficiency of 0.53 W&EI obtained with 
nozzle H at a blade-Jet speed ratio of approximately 0.21 for 8 
pressure ratio of 8 (fig. 12(a)). At the msximum brakeiefficiency 
point, the wheel eff$ciency (which credits the‘turbine with the 
work necessary to drive the gears end bearings) was approxi-. 
mutely 0.56. If the turbine is also credited with the work 
necessary to overcome windage losses, the efficiency was'0.58 
at the foregoing conditions. Nozzle H also showed the highest 
blade efficiency (0.64) of the nine-port nozzles at a-blade-jet 
speed ratio of 0.295 and pressure ratio of 8 (fig. x(8)) although 
the peak blade efficiency (which would be at a higher b&de-jet 
speed ratio) could not be determined beC8use of the 18,000-w 
speed limit of the turbine. The higher efficiencies of the tur- 
bine with nozzle H is evidence cf either (a).lower losses in the 
nozzle, or (b) more favorable matching of turbine.flow area with 
the greater flow area of this nozzle. Nozzle,H has, for exsmple, - ' 
about 20 percent greater gas mass flow thsn.nozzle A. 

. 
The difference in the general trds of‘thB curves of - , 

brake efficiency and blade efficiency csnbe ascribed to the .# ,. 
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a p p r o x i m a te ly  cub ic  Inc rease  o f w i n d a g e  losses  wi th s p e e d . T h e  
tu rb ine  is th e r e fo re  heav i ly  pena l i zed  by  th e  u s e  o f psrt ia l-  
adm lse ion  nozz les  as  s h o w n  by  th e  th ree-por t  nozz le  F  (fig. lo), 
fo r  wh ich  b rake  e ff ic iency d rops  o ff sharp ly  wi th i nc reased  b lade -  
jet s p e e d  rat io b u t b l a d e  e ff ic iency inc re=es  wi th i nc reased  
s p e e d . 

T h e  r e s m e d  nozz les  genera l l y  s h o w e d  lower  e f f ic iencies th a n  
th e  cast  nozz les.  T h e  add i tio n  o f a s h r o u d to  p rov ide  e lgu ide fo r  
th e  nozz le  jets resu l ted  In  a  m a r k e d  dec rease  in  e ff ic iency 
(fig. II), p resumab ly  b e c a u s e  o f i nc reased  s h m k  a n d  e d d y  losses.  

T h e  e ffect  o f p ressure  rat io o n  b rake  e ff ic iency wi th nozz le  H  
8 t 8 n  in l8 t -g8B fX m p e r 8 tUre o f l o o O "  F  IS  S h o w n  in  fig u r e  X3(8 ) .  
T h e  b rake  e ff ic iency var ies  on ly  s l ight ly wi th p ressure  rat io wi th 
th is  nozz le ;  over  th e  r a n g e  o f p ressure  rat ios f rom 8  to  1 9 , th e  
m a x i m u m  d i f ference in  e ff ic iency w a s  0 .0 1 . T h e  e ffect  o f in let-  
g a s  te m p e r a tu re  o n  b rake  e ff ic iency wi th nozz le  A  Is s h o w n  in  
fig u r e  13(b) .  A n  inc rease  in  in le t -gas te m p e r a tu re  f rom 500°  to  
l o o O "  F  resu l ted in  sn  e ff ic iency dec rease  a f 0 .0 3  o w i n g  to  th e  
inc ressed  h 6 a t loss f rcan th e  unit .  

C learsncea.  - T h e  resul ts o f c learance- ind ica tor  s tud ies o f 
th e  c h a n g e s  in  rad ia l  se t tdng e n d . ariaI.  c lea rance  b e tween  th e  
tu rb ine  nozz le  s n d  th e  tu rb ine  w h e e l  wi th c h a n g e d  o p e r a tin g  con-  
d i t ions e re  s h o w n  in  fig u r e  1 4  a n d  tab le  V III. A lth o u g h  th e  ta m -  
p e r a tu res  in  th e  turbt ie  case  e re  a ffec ted  by  tu rb ine  s p e e d  m d  
p ressure  rat io as  wel l  as  th e  in le t -gas ta m p e r a ture, . the chsnges  
in  set t ing s n d  c lea rance  w e r e  p lo t ted aga ins t  in le t -gas te m p e r a -  
tu re  (wh ich  d o e s  n o t ref lect th o s e  var iab les)  b e c a u s e  8 1 1  a v e r a g e  
c lea rance -change  va lue  w a s  des i red  fo r  th e  tu rb ine  o p e r a tin g  over  
a  w ide  r a n g e  o f s p e e d  e n d  pressure- ra t io  cond i t ions  fo r  a  g i ven  
in le t -gas te m p e r a ture.  T h e  d a ta  p lo t ted in  th is  m s n n e r  y ie ld  a  
r a n g e  th r o u g h  wh ich  th e  c lea ranc  8  m a y  very  wi th a  g i ven  inlet-  
g a s  te m p e r a ture.  

F rom th is  chart ,  a  cor rect ion o f th e  c les rance  set t ing o f 
th e  tu rb ine  m a y  b e  m a d e  b e fo re  o p e r a tio n  to  o b ta in  th e  des i red  
va lue  o f r unn ing  c lea rance  w !4 e n  th e  par ts  reach  o p e r a tin g  te m p e r a -  - 
ture.  T h e - c h a n g e  inrsdia lset t ing over  th e  r a n g e  Crp  
inlet-  tq e r a tu res  w a s  a  dec rease  o f 0 .0 1 3  inch.  T h e  dif- 
fe rence  b e tween  th e  left a n d , r ight  rad ia l  ind icators  is ev idence  
o f a  s l ight  t i l t ing o f th e  nozz le .  Ax ia l  c h s n g e e  in  c lea rance  
w e r e  sl i& tly m o r e  p r o n o u n c e d , th e  m a x i m u m  dec rease  b e i n g  a b o u t 
0 .0 1 7  inch.  ‘A  radia l -set t ing dec rease  o f a b o u t 0 .0 0 5  i m h  a n d  8 1 1  
ax ia l -c learance decrease  o f a b o u t 0 .0 1 5  inch  w e r e  c h o s e n  as  ssfe 
a l l owances  fo r  c h a n g e s  in  c lea rance  over  a  r a n g e  o f in le t -gas 
te m p e r a tu res  f r a m  r o o m te m ~ r a tu re  to  1 5 0 0 °  B . 
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The results of motoring runs to determine the expansion of the 
turbine wheels due to centrifugal force are given in table IX. 
Although the runs were mds ~9th ram temperature in the nozzle 
casing, rough calculations indicate that turbine operating ta- 
peratures would have only a small effect on radi.81 expansion due 
to centrifugetl force for this turbine. At a turbine speed of about 
18,.000 rm with room temperature, theradialexpttnaionwas found 
to be 0.0045 inch. 

The variation of brake efficiency~aith radial setting of 
nozzle H is shown in figure 15(a). As the pdial setting of the 
nozzle was vsritid from 5.3CM to 5.233 inches, the turbine effi- 
ciency increased slightly to a maximum value st 'a wdial setting 
of 5.259 inches then, with 8 further decrease in setting, dropped 
ahw@Y. 

The variation of brake efficiency with axial nozzle-wheel 
cle8ranc8 of nOZZleS-A ad E iE shom~in figure 15(b). The brake 
efficiency of nozzle A kq&~ed as themming ol~mce was 
decreased from O-U90 to 0.030 inch; at O.CEO-inch axial nozzle- 
wheel clearsnce, the turbine is less efficient with nozzle Ethan 
with nozzle A. At a-mnning:.ols~ance of 0.090 inch, however, 
the turbine efficiency with nozzle E.is slightly improved over 
that withnozzle A, which indicates that adequate clearance space 
must be provided for free gas-jet expsnsion with a nondivergent 
nozzle for greatestturbine efficiency. 

As a result of the clearance-indicator studies, the sxial 
nozzle-wheel clearance and the radial setting were positioned at 
0.015 and 0.005 inch, respectively, more than the running clesr- 
snces desired during turbine operation. 

The mechanical and windsge losses of a Mark 25 aerial-torpedo 
power plant were determined and the efficiency of the turbine, 
based on these loss determin8tions, was investig8ted for five 
turbine nozzles. Clearances were also studied. The following 
results were obtained: . 

1. The turbine was found to be most efficient with a cast, 
sharp-edged-inlet, nine-port nozzle with 90' nozzle-arc gas 
admission. 

.  I  

2. The maximum brake efficiency of the turbine with the cast, 
sharp-edged-inlet nozzle at en inlet pressure of 95 pounds per 
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square inch gage ,-an Inlet-gas temperature of 1000° F, a presm re , 
ratio of 8, and a blade-jet apeed-ratio of 0.21, WEB 0.53. If the 
turbine 3s credited with the work nec&mxy to drive the gears and 
the bearings, the efffciency at the foregoing conditfom  was 0.56. 
If the tqrbine is also credited with the work necesiearg to over- 
cane winda$e.loseea, the efficlencg was 0.56. 

3. W indage aad mech+ical-loss charta that have been prepared 
gave the operattig lose in horsepower for verioua turbtie-caeSng 
preesuree, speeda, and nozzle arcs of 30' and 90°. 

4. The variation of' radial nozzle setting and axial nozzls- 
wheel clearance with turbine-inlet-w temperature waa -11. A  
radial-setting decrease of about 0.005 inch aud en axial-Clearance 
decrease of about 0.015 inch were chosen as safe allcwences for 
change8 in clearance over a range of inlet-gas tempera-&mm fPcm 
room tmqeratureto1500°F. 

Flight Propulsion Research Laboratory, 
National Ad~iEiory Committee for Aeronautics, 

Clevel&a, 'Ohio. 

Approved: 
08ca;r w. schey, 

Mechmical B -tgineer. 
3s - 

JeckW, Eogt, 
~Me@anical E rgbeer. 

Earry xottss, 
Mechanlca3. Bigineer. 
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Turbine Eorsepwer 
f3F-d to drive 

(rpn) turbine 

6,069 0.80 
.80 
.76 
.74 
.70 

8,092 1.33 
1.28 
1.20 
1.15 
1.09 

10,115 2.l.3 
. 2.07 

1.97 
1.87 

I 
I  

I 
2.36 

2.60 
2.48 

14,161 1 4.01 
3.64 
3.41 
3.27 
3.08 

16,184 5.17 
4.69 
4.37 
4.05 

I 4.68 

Air tam- tieSSU3% ti 
per&are turbine ease 
in tur- (in. Hg abe. 
bine case 

134 29.36 
I.24 24.36 
129 19.36 
132 14.36 
I.35 9.36 
158 29.36 
159 24.36 
165 19.36 
164 14.36 
163 9.36 
187 29.36 
183 24.39 
196 19.38 
194 14.40 
187 I 9.36 
239 29.36 
245 24.40 
247 

214 I 

19.36 
241 

9.41 
14.37 

265 29.36 
275 24.42 
286 19.36 
270 14.44 
229 I 9.99 
304 29.36 
341 24.44 
343 19.43 
330 14.46 
281 I 10.81 
379 29.36 
392 24.38 
389 19.40 
356 14.42 
315 10.42 
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TABLE II -SUMMARYQFDATAFORWINDAGEANDKECHANICALLCSSES 

Turbine Eorseppwer 
speed to drive 

bTd turbine 

6,069 

8,092 

10,115 

12,138 

14,161 

16,184 

18,207 

1.34 182 29.30 
1.26 243 25.31 
1.20 206 18.73 
1.08 163 14.32 

.94 147 9.66 
2.32 . 230 29.32 
2.21 237 25.45 
1.97 '224 19.35 
1.83 197 14.71 
1.63 179 9.56 
3.66 306 29.36 
3.33 297 24.11 
2.93 304 19.19 
2.70 299 15.26 
2.33 281 9.76 
5.53 369 29.42 
5.00 351 23.79 
4.44 369 20.15 
3.84 364 15.56 
3.20 339 9.69 
7.67 461 29.46 
6.95 461 24.90 
5.63 462 18.58 
4.90 443 13.70 
4.11 416 9.41 

10.46 558 29.54 
9.65 463 23.60 
8.21 498 18.86 
6.99 481 14.02 
6.03 465 10.58 

15.83 647 29.63 
11.70 459 15.28 

9.72 432 11.20 
8.10 383 7.99 

Airtean- 
perature 
in tur- 
bine case 

(-1 

~eSSLU?i ill 

tubine case 
(in. Hg E&S.) F” 

C 
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c 

c 

Pres * 
sure 
ratic 

8 

10 

15 

20 

Air mast 
flow 
(lb/h) 

955.2 
955.9 
955.9 
955.9 
956.6 
955.9 
956.6 
960.3 
960.3 
958.2 
959.3 
958.2 
958.2 

SE- 
958:2 
958.2 
960.1 
958.2 
958.2 
958.2 
958.2 
959.3 
959.3 
958.2 
958.2 
958.2 
958.2 

?LlCtl-%i3 
ratio 

o.cn.35 
.ol35 
.a35 
.0x35 
.Ol35 
.0135 
.ol35 

o.oI.35 
A.35 
.ol35 
,013s 
.w.35 
.ol35 
.ol35 

o.ol35 
.0335 
.ol35 
.oti5 
.Ol35 
.ol35 
.0135 

0.0135 
.ol35 
.ol35 
.a.35 
.0135 
.ol35 
.0135 
1 

61.09 
61.14 
61.14 
61.14 
61.18 
61.14 
61.I.8 
66.20 
66.20 
66.06 
66;rz 
66.06 
66.06 
66.06 
73.98 
73 .'98 
73.98 i 
74.15 
73.98 
73.9% 
73.98 
79.10 
79.18 
79.18 
79.10 
79.10 
79 .lO 
79.10 

3 
t 

. 

I 
3 
7 

_; 

1 
I 
1 
I 

-_! 

3 
1 
I 
1 

-1 

3 
1 
3 
1 
1 

6,089 20.97 
8,072 24.63 

LO,125 27.16 
12,158 28.29 
L4,161 28.23 
16,164 27.11 
L8.207 23.94 
6,069 23.56 
8,122 27.97 

LO,115 30.67 
L2,l38 32.12 
L4,161 32.11 
L6,L94 31.06 
18,227 28.41 
6,069 25.06 
8,092 30.00 

LO,125 33.57 
L2,l38 35.80 
L4,161 36.40 
16,194 35.70 
La,187 33.98 
6,059 25.42 
8,092 30.85 

LO,125 34.87 
t2,148 37.43 
L4,151 38.47 
L6,214 37.94 
18,187 36.14 

Brake 
horee- 
pawer 

Qade- Gas den- 
3et Sits ti 
speed turbfne 
m&i0 .ca8e 

(lb/en ft: 

3.0987 0.0354 
.I.308 ..0356 
.1641 .0362 
.1970 .0369 
,229s l 0370 
.2620 .0369 
.2951 .O367 

3.0948 0.0294 
.l268 .O301 
.1580 .0302 
.l895 .0304 
.22ll .0304 
.2529 .cEo5 
.2846 .O303 

3.0896 0.0210 
.1195 .OZlO 
,149s .02l3 
.1792 ,0203 
.2091. .0211 
-2391 .0215 

.If.3.62 .0169 
-1454 .0167 
.1745 .0166 
.2032 .0165 
.2328 .0169 
.26121 .0175 

1 

.  
.  
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I .  

.< 

TABLEN-SUMMARY CFEE'FICIEmCY~AFORMAIIK25TURB~ 

WITH NOzzI;E E 
r- Inlet-&k8 temperature, loOO" F; .iplet-gae premwe, 

95 lb/q in. gage] 

Free- Urmaaf 
Bure " low 
ratit (lb/h) 

Turbint Brake 
ape& horse 

km) power 

kaa den- 
3ity in 
kurbine 
:aae 
[lb/m ft 

?lml-ai: 
ratio 

Horsepare 
available 
frc!m isen 
tropic 
expamlion 

Blade- 
Jet 
speed 
ratio 

976.5 0.0138 62.49 6,099 
977.6 .Ol38 62.56 8,112 
977.6 .0138 62.56 10,125 
976.5 .0138 62.49 12,148 
976.5 .0138 62.49 14,141 
977.6 .Ol38 62.56 

.Oi38 
16,164 

976.5 62.49 18,207 

20.96 0.0988 0.0338 
24.01 .I.315 .0345 
25.53 .1641 .0348 
25.66 .1969 .0358 
27.77 .2292 .0360 
26.26 .2620 .0360 
23.52 .2951 .0357 

977.6 0.0138 67.42 6,079 23.00 0.0949 0.0280 
978.6 .Ol38 67.48 8,112 27.24 .I267 .0282 
977.6 .0138 67.42 10,105 29.94 .1578 .0282 
977.6 .Ol38 67.42 12,138 31.04 .1895 .0287 
977.6 .0138 67.42 14,151 30.87 .2210 .0291 
977.6 .0138 67.42 16,204 29.69 .2530 .0291 
977.6 .0X58 67.42 18,197 27.52 .2842 .0290 

977.4 0.0138 75.50 6,079 24.22 0.0897 0.0199 
976.3 .Ol38 75.41 .8,l32 29.08 .1200 .0202 
977.4 .0138 75.50 10,125 32.20 .1495 .0202 
976.3 .0138 75.41 12,168 33.60 .I.796 .0201 
974.6 . Ol38 75.27 14,181 34.02 .2093 .0201 
976.3 .0138 75.41 16,194 35.01 .2391 .0205 
974.7 .0138 75.28 18,227 33.16 .2691 .0207 

975.6 0.0138 80.56 6,059 25.56 0.0865 0.0162 
975.6 .Ol38 80.56 8,102 31.16 .1157 .0163 
975.6 .Ol38 80.56 10,115 34.97 .1445 .0165 
976.5 . OIL38 80.63 12,128 37.49 .1732 .0161 
976.5 .0138 80.63 14,171 38.43 .2024 .0x3 
976.5 .0138 80.63 16,204 37.91 .2314 .0163 
976.5 .Ol38 80.63 18,217 36.62 .2601 .0168 

8 

. 

10 
. 

. 

15 

20 
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TABLE V -EXMMARYOF EFE'ICIEXCYDATAFORMARK25TURBINE 

he8 - 
au37e 
ratio 

8 

10 

l.5 

20 

[Inlet-gas temperature, 1000° F; inlet-w pressure, 
95 lb/sq in. ga@;el 

tirma& 

$lr) 

Fuel-air 
ratio 

lorsepower 
mailable 
Trcm isen- 
xopic 
3xpanEion 

. 

. 

Turbfm Brake 
W?-d horse- 

bTd power 

3lade- 
Jet 
3peed 
Fati 

247.3 
247.3 
247.3 
247.3 
247.3 
247.1 
247.3 

C.0208 15.99 6,059 6.29 3.0982 
.0208 15.99 8,112 6.74 .l315 
.02C8 15.99 10,125 6.54 .1641 
.0212 16.00 12,148 5.24 .1969 
.0212 16.00 14,141 3.63, .2292 
.0212 15.98 16,184 1.76 .2623 
.0212 16.00 18,217 -.48 .2952 

246.6 0.0213 17.20 6,069 6.54 I.0948 
246.6 .0213 17.20 8,102 7.34 .1265 
246.6 .0213 17.20 10,115 7.40 .l;saO 
246.6 -0213 17.20 12,138 6.48 . I.895 
246.6 .0213 17.20 14,171 5.09 .22w 
246.4 .02l3 17.18 16,194 3.36 .2529 
246.6 .02x3 17.20 18,207 1.20 .2843 

247.9 
247.9 
247.9 
248.1 
248.1 
248.1 
248.1 _ 

0.0212 
.02l2 

,.0212 
.02x?! 
.02l2 
.C212 
.02l2 

19.37 6,079 6.51 1.0897 
19.37 8,082 7.48 .1193 
19.37 10,115 7.83 .1493 
19.38 12,WS 7.76 -1792 
19.38 14,161 7.00 .2091 
19.38 16,164 5.49 -2389 
19.38 18,197 3.60 .2686 

248.1 
248.1 
248.1 
248.1 
248.3 
248.1 
248.3 

0.0212 
.02l2 
.0212 
.0212 
.0211 
.0212 
-0211 

20.73 6,089 6.32 3.0870 
20.73 8,112 7.51 .1158 
20.73 lO,ll5 8.37 .1444 
20.73 12,128 8.51 .1732 
20.75 14,161 7.89 .2022 
20.73 16,184 6.93 .2311 
20.75 18,207 5.40 .2600 L 

17 

ha den- 
iity in , 
xzrbine 
:a88 
[lb/CU ft>i 

0.0354 
.0358 
.0355 
.0356 
.0348 
.0338 
.0324 

0.0292 
.0288 
.0284 
.0278 
.0275 
.0273 
.0266 . 

0.0209 
.0206 
.0205 
.0204 
.0203 
.0201 
.0202 

0.0164 
.0156 
.0153 
'.0153 
.0153 
l 0154 
.0154 
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TABLE V-I - SuMMclRY GE' E?FICIETJ(=YWAFOR MEE 25 TUREJXF, 

R-es - 
sure 
ratic 

8 

10 

15 

20 

NOZZLF, G 

rj.nlet-ga8 temperature, 1000° F; Inlet-m pressure, 
95 lb/sq fn. gagG] 

r 1 Fuel-air 
ratio 

977.6 O.Ol.38 
976.2 .Ol38 
977.6 . 0138 
977.6 .0138 
977.6 .Ol38 
977.6 .Ol38 
977.6 .0138 

97?.6 0.0138 
976.9 .Ol38 
976.9 .0138 
976.9 .0138 
976.7 .Ol38 
976.0 .Ol38 
977.6 .0136 

976.5 0.0138 
976.5 .0138 
978.1 .Ol38 
977.2 .Ol38 
976.5 .0138 
977.2 .0138 
977.2 .Ol38 

976.5 0.0138 
977.2 .Ol38 
976.5 .Ol38 
977.2 .Ol38 
976.5 .0138 
978.1 .Ol38 
9'7.2 .0X38 

Horsepower 
available 
from iaen 
tropic 
ex_Dane ion 

Turb& Brake 
speed horse, 

(w-4 power 

Blade- 
Jet 
speed 
ratio 

km den- 
rity in 
;urbine 
:a88 
:lb/cu ft 

62.56 6,039 20.50 0.0979 0.0334 
62.'47 8,122 23.82 .l316 .0334 
62.56 10,115 25.60 .1639 .0332 
62.56 12,138 26.08 .1967 .0340 
62.56 14,191 25.30 .2300 .0341 
62.56 163204 23.50 .2626 .0342 
62.56 18,227 20.42 .2954 .0340 

67.42 6,069 22.50 0.0948 0.0275 
67.37 8,122 26.63 .I268 ,026s 
67.37 10,115 28.67 .i580 .0266 
67.37 12,128 29.38 .1894 .0273 
67.36 14,E.l 28.73 .2210 .0274 
67.31 16,194 26.95 .2529 .0276 
67.42 18,217 24.25 .2845 .0275 

75.43 6,069 23.84 
75.43 8,112 28.82 
75.55 10,125 31.83 
75.48 12,138 33.24 
75.43 14,171 32.88 
75.48 16,174 31.50 
75.48 18,207 29.34 

0.0896 0.0191 
.1197 .0189 
,1495 .0189 
.1792 .OlSl 
.2092 .0193 
,238s .0196 
.2688 .0199 

80.64 
60.70 
80.64 
80.70 
80.64 
ad.76 
80.70 

6,069 24.90 
8,122 30.06 

10,125 33.43 
12,158 35.26 
14,161 35.61 
16,204 34.02 
18.177 32.23 

5.0867 0.0153 
.1160 .0156 
.1446 .0154 
.1736 .0152 
.2022 .0152 
.2314 .0156 
.2596 .0162 

m 
ki 

;i 

l 

. 

. 

. 
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1 
I 

I 
L. 

L  

TABLE ITI - -Y OF EE'FICmCY DATA FOR MARX 25 TURKIXE 

WIl'HNOZ&H 

L&let-gas temperature, 1000° F; inlet-gas pressure, 
95 lb/q tn. gagg 

Pres- Air mam Fuel-air Horsepower Turbine Brake Bide- Gas den- 
BUT8 flOW ratio 
ratio (lb/hr) 

aVaLlabl8 Speed horse- Jet sity in 
frm isen- (rp) power speed turbfne 
tropic ratio case 
expane fon (lb/cu ft' 

8 1143.7 0.0143 73.23 6,069 28.24 0.0984 0.0322 
1143.7 .0143 73.23 8,072 33.25 .I.308 -0331 
1143.7 .0143 73.23 10,054 36.78 -1630 .0332 
1143.7 .0143 73.23 12,X89 38.56 .1976 .0338 
1143.7 .0143 73.23 14,161 38.27 .2295 .0345 
1143.7 .0143 73.23 16,164 36.54 .2620 -0346 
1143.7 .0143 73.23 18,187 33.26 .2948 .0347 

10 1152.0 0.0141 79.48 6,069 29.62 0.0948 0.0257 
1152.0 .0141 79.48 8,112 35.50 .l267 .0265 
1152.0 ,014l 79.48 10,105 39.a .1578 .0273 
1152.0 .0141 79.48 12,138 41.00 .1895 .0278 
1144.1 .0142. 78.94 14,171 41.10 .22l3 .0284 
1144.1 .0142 78.94 16,164 39.63 .2524 .0288 
1152.0 .0141 79.48 18,187 36.80 .2840 .0293 

15 1144.1 0.0142 88.43 6,089 31.02 0.0899 0.0198 
1144.1 -0142 88.43 8,122 37.87 .1199 .olS7 
x144.1 .0142 88.43 10,135 42.35 .1496 .0201 
1144.1 .0142 88.43 12,138 45.16 .1792 ,020o 
1144.1 .0142 88.43 14,171 46.84 .2092 .0204 
1144.1 .0142 88.43 16,184 46.13 .2389 .0214 
1144.1 .0142 88.43 18,217 43.28 .2689 -0224 

19 1144.5 0.0142 93.51 6,099 32.00 0.0876 0.0177 
1144.5 .0142 93.51 8,092 38.72 .ll62 .0180 
1144.5 .0142 93.51 10,125 43.81 .1454 .0182 
1144.5 .0142 93.51 12,148 47.00 ..1745 .0184 
1144.5 .0142 93.51 14,171 48.75 .2035 .0184 
1144.5 .0142 93.51 16,184 48.37 . .2324 .0192 
1144.5 .0142 93.51 18,217 46.35 .2616 .0197 

. . 
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TABSF,VIII - - OF' -E INDICATOR DA!PA FOR THEEM& 

EXPANSION'C[F m 25 TURBIKE 

L Inlet-gas pressure, 95 lb/sq in. gagG] 

-mm-. 
r 15 

m-w-- 

20 

L 

-m-s- 

15 

- # 

----am 
20 

Turbine 
speed 

b-Pm) 

Inlet- 
@;ae t8m 
peratur 

(W 

Outlet-gas 
temperature 

P-a 

0 73 88 
6,069 502 281 
6,069 748 465 
6,069 1003 662 
6,069 1250 851 
6,069 1485 1048 

0 70 80 
6,069 495 261 
6,069 739 443 
6,069 993 620 
6,069 I248 810 
6,069 1507 1ocM 

0 68 75 
6,069 503 253 
6,069 753 438 
6,069 1010 634 
6,069 1251 817 
6,069 1498 987 

0 70 82 
!2;138 489 190 
t2,138 753 374 
!2,138 998 542 
t2,138 1256 712 
-2,l38 1505 883 

0 90 90 
!2,138 497 205 
-2,138 750 370 
-2,138 1012 524 
-2,138 1255 690 
-2,138 1508 864 

8Tndicator failed. 

Change in c.haranc8 

0 0 0 0 
-.0120 -.0130 -.0040 -.003E 
-.ol30 -.0145 -.0050 -.005c 
-.0140 -.0160 -.0070 -.006E 
-.0140 -.0165 -.0075 -.002c 
-.oc90 -.0090 -.0090 0 

0 0 0 0 
- .0090 -.0070 -.0030 -.004c 
-.0150 -.0115 (4 -.ocw 
-.0140 -.0130 (4 -.0035 
-.0140 -.OlOO (4 0 
-.OllO -.0075 .(a> .OCMC 

0 0 0 0 
-.OQ80 -.0085 -.005c -.0030 
-.0105 -.OlOO -.0080 -.0035 
-.0120 -.OllO -.OlOO -.0045 
-.ol35 -. 0095 -.OllO -.0020 
-.0120 -.0090 -.0130 .0030 

0 0 0 ‘0 
-.0060 -.0080 -.0050 -.0035 
- .0090 -.OllO -.CO75 -.0045 
-.0130 -.0x55 -.0095 -.0055 
-.0150 -.0145 -.OllO -.0020 
-.ol30 -.0145 -.0090 .OOlO 

3 0 0 0 
- .0050 -.0070 -.0030 -.0025 
-.0080 -.0085 -.0055 -.0040 
-.Oloo -.OllO -.0060 -.0050 
-.ol25 -.0125 -.0090 (a) 
-.OlSO -.0115 -.0070 (a) 

-. 

bJ- 
8 

- 
_- 

L -_ 

. 

. 

. 

. 
. 

_. -  

; 

. -  T- 
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0 

6,069 

8,092 

10,115 

12,338 

14,161 

16,184 

18.207 

.oOlO 

.OOlO 

.QO15 

.OO25 

.0040 

.0045 

0 

.00-05 

.OolO 

. 0010 

.0015 

.0025 

,004O 

.0045 
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.  
w  

23 

Axial nozzle- 
blade clearance 

Axial nozzle- 
wheel clearance 

Forwakt-e;yb i ne 

Figure I. - Sketch of nozzle-and-turbin%wheel assembly for'uark 25 tor- 
pedo power plant. 

. 



.  
I  

. 



. . . . , I 

I , 

(al Rsawd nazzle E. 
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Figure 2. - Outlet face of various norzlse deelgned for turbine OS #ark 29 torpedo pwer plant. 
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27 

lb1 Reamed, shrouded nozzle G. 
10.2-46 

Figure 2. - Continued. Outlet face of various nozzles designed for 
turbine of Mark 25 torpedo poqer plant. 
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820 . . 

ICI Cast nozzle H. 
493.47 

Figure 2. - Concluded, Outlet face of variouar nozzles designed for turbine of Mark 25 tbrpedo p-r 
plant. 
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Figure 3. - Setup for investlgatlon of turbine of Mark 25 torpedo power plant. c. 15508 
1.2-46 
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Figure 4. - Clearance Indlcatom installed on turbine unit to measure changes in radial nozzle met- 
tlng and axial nozzle-wheel clearance. 
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. 
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Figure 5. - Axial-clearance indicators installed on nozzle. 
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. 

.03 -04 
Air density, lb/m ft 

la) Disk unit. 

Figure 6. - Variation of windage and mechanical losses with air dxmsity 
and speed. 
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-’ Turbine speed - 
I I I I I I I I I I i 

I 

P 

/ 
6 / f 

/ ,- 
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(b) Turbine wheels with blades. I 

Figure 6. - Concluded. Variation of windage and mechanical losses with 
air density and speed. . L 



-1  N A C A  F M  No.  E 7 T 0 3  3 9  

* . 

L  

L  

i rb i n e  s p e e d  
( rpm)  / 

18 ,207  - 

.02 .03 .04 .05 .cE .07 
Ai r  density,  Ib/cu ft 
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F igure  7. -  Var ia t ion of ca lcu lated w i n d a g e  a n d  mechan ica l  losses with 
ai r  d e n s 1  ty a n d  turb ine s p e e d  for; part ia l  gas  admiss ion.  (Data  f rom 
fig. 6 .1  
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(b) Disk toss plus eleven-twelfths blade loss for three-port nozzle. 

Figure 7. - Concluded. Varlation of calculated wlndage and mechanical 
losses with alr density and turblne speed for partial gas admission. 
(Data from flg. 6.1 
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(a) Pressure ratio, 8. 

(8) Pressure ratio, 16. 

.I6 .2Q .24 
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Figure 8. - Variation of power-plant component a~fIciencies with blade- 
jet speed ratio for nozzle A at three pressure ratios. 1nletgrs 
premute, 95 pounds per square inch gags; intet-gas tmperrtuFe, 
1000° F; axiat nozzle-sheet running clewmIce, 0.030 inch. 
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(a) Pressure ratlo, 8. 

(b) Pressure ratio, 15. 
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Figure 9. - Varlatlon of power-plant component etficiencles with blade- 
jot speed ratio for nozzle E at three pressure ratios. Inlet-gas 
pressurn, 95 pounds per square Inch gage; I nl at-gas temperature, 
1000° F; adal norzte-wheel running clearance, 0.030 inch. 
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(al Pressure ratio, 8. 

.I6 .20 .24 .2a 
Blade-jet speed ratio 

(b) Prassure ratio, 20. 

! 

Figure IO, - Variation of power-plant component efficlencles with 
blade-Jet speed ratio for nozzle F at two pressure ratlos. Inlet-gas 
p ressu re, 95 pounds per square Inch gage; inlet-gas temperature, 
lOOO* F; axial nozzle-whsel running cIearance,0.030 inch. 
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Figure II. - Variation of power-plant component efficiencies with blade- 
jet speed rat10 for nozzle G at three pressure ratios. Inlet-gas 
pressure, 95 pounds per square inch gage; inlet-gas temperature, 
1000° F; axial nozzle-wheel running clearance, 0.030 inch. 
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(a) Pressure ratio, 8. 

(b) Pressure ratio, 15. 

I %a t I I I I I I I I I I I . 12 . 16 .20 .24 -28 .32 
Blade-Jet speed ratlo 

(c) Pressure ratio. 19. . 

Figure 12. - Variation of power-plant component efficiencies with blade- 
jet speed ratio for nozzle ti at three pressure ratios. Inlet-gas 
pressure, 95 pounds per square inch gage; inlet-gas temperature, 
1000° F; axial nozzle-wheel running clearance, 0.030 inch. 
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{al Effect of pressure ratio with nozzle H at O.O3O-inch axial nozrle- 
wheel clearance and inlet-gas temperature of I~ f. 

, 

,301 I I I I I I I I I, I I I I 
.os .I2 .I6 .20 .24 .28 .32 .36 

Blade-jet speed ratio 

(b) Effect of inlet-gas temperature with nozzle A at O.O6O-inch axial 
nozzle-wheel clearance and pressure ratio of. 15. 

Figure 13. - Variation of turbine brake efficiency with pressure rat lo 
and in I et-gas temperature at in let-gas pressure of 95 pounds per 
square inch gage. 
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Figure 14. - Changes In radial setttng and axial clearance from cold clearances with Inlet-gas 
temperature at Inlet-gas pressure of 95 pounds per square Inch gage. 
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.46 5.16 5.20 5.24 5.28 5.32 . 
Radial nozzle setting, in. 

(a) Effect of .radiaL setting with nozzle H and axial 
nozzle-wheel clearance of 0.030 inch. 

.02 .02 .04 .04 
nozzIe-whee*l 

06. 06. ,08 * ,08 * 
Axial nozzIe-whee*l clearance, in. 

.I0 .I0 
Axial clearance, in. 

lb) Effect of axial running clearance with radiat noz- 
zle setting of 5.283 inches. 

Figure 15. - Variatlon of turbine brake efficiency with radial ruozzte 
setting and axial clearance. Inlet-gas pressure of 95 pounds per 
square inch gage; inlet-gas temperature of tOOO? F; bI.ad.e-jet speed 
rat i 0, 0.21; pressure ratio, 15. 

l 

, 
, 

‘a 



. . _ . ..-- --.- -._- .--.- -- -- -- 
..--. 

, 

.-----. ,.. _  ._ ._.- _  .., -- -.. I: .. . . 


